The effect of intraoviductal embryos on endometrial receptivity was studied by intraendometrial 
Introduction
Implantation occurs and pregnancy is achieved only when endometrial receptivity is synchronized with the developmental stage of embryos (Psychoyos, 1986; Harper, 1992) by a process in which two entities with different genetic backgrounds exchange signals and influence one another (Chang, 1950; Weitlauf, 1994) . The limited period of endometrial embryo receptivity during which implantation can be achieved is called the 'implantation window' (Harper, 1992) .
Several embryo-dependent factors have been identified that are involved in implantation (Godkin et ah, 1984; Spinks and O'Neill, 1987; Vallet et ah, 1987; Harper et ah, 1989; Weitlauf, 1989) . The application of improved molecular biology techniques (Yokoi et ah, 1993) has revealed the presence of relevant cytokines, growth factors, receptors, and newly discovered factors in the embryo and the endometrium (Rappolee et ah, 1988; Werb, 1990; Bhatt et ah, 1991; Arceci et ah, 1992; Stewart et ah, 1992; De et ah, 1993; Haimovici and Anderson, 1993) .
The presence of the embryo itself is thought to play an important role in successful implantation (Spinks and O 'Neill, 1987; Godkin et ah, 1984; Vallet et ah, 1987; Cartone and Rider, 1993) . Shiotani et ah (1993) noted the interaction between embryo and endometrium and clarified the biological effect of the embryo on the endometrium. The endometrial adhesiveness to the embryo, which is induced by the presence of an intraoviductal embryo, was lost on the day after the embryo was absent from the uterine cavity, but was maintained until day 7 when an embryo was present. Thus 
Embryo transfer
Embryos were transferred according to the method developed by Beatty (1951) , McLaren and Michie (1956) , and Goto et ah (1992) . Recipient mice were anaesthetized by intraperitoneal administration of 30 mg pentobarbital sodium g_1 and the uterine horns were exteriorized through a dorsal incision. Three embryos from day 4 of pregnancy were transferred to each uterine horn in two groups of recipients on days 1-6 by intraendometrial or intrauterine transfer (see below), resulting in six embryos per recipient. Implantation and pregnancy rates of the two groups were subsequently compared.
Transfer to the uterine cavity; intrauterine transfer
With the aid of a stereoscopic microscope, a 27-gauge injection needle was used to puncture the top of the uterine horn near the uterotubal junction, providing access to the uterine cavity. After removal of the needle, a glass micropipette was inserted through the hole, and three embryos were transferred from the micropipette into the uterine cavity with several microlitres of incubation medium. After confirmation that no embryos remained in the pipette, the uterine horn was replaced in the abdominal cavity and the incision was closed (Beatty, 1951; McLaren and Michie, 1956 (Goto et ah, 1992 Immunohistochemical study of endometrium using anti-PCNA antibody Two groups of female mice were used in this experiment: pseudopregnant mice of days 1-6, and uterotubal junctionligated pregnant mice of days 1-6. In each group, the uteri were removed and 3 mm transverse sections were obtained from the centre of each uterine horn, fixed in 10% (v/v) neutral formalin for 5 h, and then embedded in paraffin wax. From each block of paraffin wax, 3 mm sections were cut and mounted on poly-L-lysine-coated glass slides. Paraffin wax was removed from the sections and they were hydrated and then incubated for 20 h at 4°C with anti-PCNA antibody as a primary antibody. Anti-PCNA antibody-positive cells (Garcia et ah, 1989; Gelb et ah, 1992) 
Results

Intraendometrial embryo transfer
In all four groups, the implantation and pregnancy rates on days 3 and 4 were significantly higher than those on days 1,2,5 and 6 (P < 0.05) ( Table 1 ).
The implantation rates for uterotubal junction-ligated pregnant mice (group 1) in which embryo transfer was performed on days 3, 5 and 6 of pregnancy were significantly higher than those for any other group on the corresponding days (P < 0.05) ( Table 1) .
When intraendometrial embryo transfer was used, implantation was achieved (16.7-20.8%) as early as day 2, whereas intrauterine transfer failed to achieve implantation on day 2, except for in the uterotubal junction-ligated pregnant mice (group 1) (Tables 1 and 2).
Intrauterine embryo transfer
As in the intraendometrial embryo transfer groups, the implantation and pregnancy rates on day 3 and 4 were significantly higher than those on days 1, 2, 5 and 6 (P < 0.05) ( Table 2 ).
The implantation rates for uterotubal junction-ligated pregnant mice (group 1) in which embryo transfer was performed on days 2, 5 and 6 of pregnancy were significantly higher than those for any other group on the corresponding days (P < 0.05) ( Table 2) . 
Feasibility of intraendometrial embryo transfer
Almost all embryos transferred to the endometrium were localized in the endometrial stroma (Fig. 1) (Fig. 2) . The hatched blastocyst present on day 7 appeared to be slightly degenerated (Fig. 2d) , but adhered to the plastic dish.
Serum concentrations ofprogesterone
Serum progesterone concentrations showed no significant difference between pseudopregnant mice and uterotubal junction-ligated mice from day 1 to day 5 (Table 4) . On day 6, serum progesterone concentrations were significantly higher in uterotubal junction-ligated mice than in pseudopregnant mice (P < 0.05).
After administration of hCG to pseudopregnant mice on days 3 and 5, serum progesterone concentrations increased (a) (Psychoyos, 1986; Yoshinaga, 1988; Kapur et ah, 1992) . It has also been reported that high progesterone concentrations are advantageous for implantation (Lejeune et ah, 1985) and that the concentration of progesterone gradually increases after pregnancy is achieved, even in rodents (Wagner, 1976; Sato et ah, 1984) . In the present study, intraendometrial and intrauterine embryo transfer was performed after administration of 5 iu hCG to pseudopregnant mice on days 3 and 5 and using day 6 mice as recipients, to clarify the contribution of progesterone to the higher implantation rate in the uterotubal junctionligated pregnant group. Progesterone concentrations in hCG-injected pseudopregnant mice were 45.2, 66.8 and 58.5 nmol l·1 on days 4, 5 and 6, respectively. Implantation was not successfully achieved in these animals, despite progesterone concentrations that were higher than those in pseudopregnant mice. These findings indicate that differences in progesterone concentrations were not responsible for the observed differences in implantation rate after intraendometrial embryo transfer on days 3, 5 and 6, or after intrauterine embryo transfer on days 2, 5 and 6 in uterotubal junction-ligated pregnant mice, compared with the other groups. Four groups of recipient mice were used for intraendometrial and intrauterine embryo transfer: uterotubal junction-ligated pregnant mice (group 1), pseudopregnant mice (group 2), uterotubal junction-ligated non-pregnant mice (group 3), and uterotubal junctionligated pseudopregnant mice (group 4). Only in group 1 recipients were embryos present in the oviduct. Morphological study of intraoviductal blastogenesis in uterotubal junction-ligated mice revealed that embryos TJterotubal junction ligated on day 1, after mating with normal male mouse. In groups 1 and 2, the distribution and intensity of PCNApositive cells in the endometrium were investigated as a measure of cell proliferation (Celis and Celis, 1985) to clarify whether the difference in implantation rate reflected a difference in some cellular biological function in the endometrial stroma. Herken (1983) (Goto et ah, 1992 (Shiotani et ah, 1993) . Therefore, successful implantation after intrauterine embryo transfer on day 2 in uterotubal junctionligated pregnant mice is probably not attributable to an intraoviductal embryo that affects the adhesiveness of the endometrial epithelium, but to embryo-derived factors that facilitate blastogenesis, support the growth and viability of the embryo, and provide a suitable environment for implantation in the endometrial stroma.
The fertilized egg produces various substances, including prostaglandins (Kennedy, 1983) , hCG, steroids (Huff and Eik-Nes, 1966) , growth factors (Rappolee et ah, 1988; Werb, 1990) , and proteins, which may be involved in the transfer of information among cells (Arceci, 1992; Pampfer et ah, 1992) . These substances may serve as signals that act on the embryo itself or on the endometrium and may be involved in implantation. O'Neill (1995) reported on changes in the activities of endogenous inhibitors of platelet-activating factor (PAF) during implantation, highlighting the importance of PAF in the process of implantation. Harper et ah (1989) reported that the early pregnancy factor (Morton et ah, 1974) was detectable after administration of PAF to mice and rabbits. PAF may also play an immunomodulatory role in implantation (Harper et ah, 1989) . From studies in the mouse delayed implantation model, Paria et al. (1993a) suggested a pivotal role for oestrogen in the activation of dormant embryos which determines the window of implantation. They also studied changes in activated embryos and found higher expression of epidermal growth factor receptors in activated compared with dormant embryos (Paria et ah, 1993b 
